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ules of a carrier and an active or a buffering agent and 
SUSTAINED RELEASE EXC1PIENT AND TABLET then directly compressed into tablets. U.S. Pat. No, 
FORMULATION 3,72S,445 (Bardani) discloses slow release tablets 

formed by mixing an active ingredient with a solid 
This application is a continuation-in-part of U.S. ap- 5 sugar excipient, granulating the same by moistening 
plication Ser. No, 246,368, filed Sep. 19, 1988, now U.S. with a cellulose acetate phthalate solution, evaporating 
Pat. No. 4,994,276. the solvent, recovering the granules and compressing 

tntst r* ™? tub ixsvr: vtiaw under hi S h P ressure * disclosures concentrate 

FIELD OF THE INVENTION the j f attent j on 10 the type and combination of polymers 

The present invention relates to a sustained release 10 and/or gums used, and processes for mixing the same, 

pharmaceutical excipient product which can be blended and therefore have not provided a directly compressible 

with a wide range of therapeutically active medica- form of gums/polymers and adjuvants which can be 

ments and tableted. used for a wide range of medicaments. 

^ruAUMnncTuc TVT\/rrxrr?r*xT 0tner slow re!ea$e excipients are disclosed in the 

BACKGROUND OF THE INVENTION J5 pfior art whictl 8re directed to particular therapeuti- 

Many attempts have been made in the pharmaceutical cally active medicaments, 

art to provide a method by which therapeutically active In one such disclosure, U.S. Pat. No, 3,456,049 

medicaments can be directly lableted or mixed with a (Hotko et al.), a slow release benzothiadiazine diuretic 

direct compression vehicle and thereafter directly tab* tablets are prepared by mixing a fatty substance such as 

leted. 20 hydrogenated vegetable oil, alginic acid, a granulating 

Very few therapeutically active medicaments can be liquid, a potassium salt and the benzothiadiazine. The 

directly tableted due to unacceptable flow characteris- wet mass is screened, dried, and then compressed into 

tics and compressibility factors of the crystalline or tablets. Similarly, U.S. Pat. No. 4,692,337 (Ukigaya et 

powdered medicament, and also due to the small al.) provides a slow release excipient for theophylline 

amounts of medicament needed to provide the desired 25 which utilizes 5-200 parts of ethyl cellulose for each 100 

effect. Therefore, it is a common practice to use an inert parts theophylline, and optionally contains a filler such 

ingredient, i.e., excipients, diluents* fillers, binders and as lactose or a lubricant. The ingredients are mixed and 

the like, such that the combination of the same with the compression molded into tablets. In yet another exam* 

medicament provides a material which can be directly pie. U.S. Pat. No. 4,308,251 (Dunn et al), a sustained 

compressed into tablets. In order to provide a directly 30 release aspirin formulation in which 0.8-1.6 percent of a 

compressible product, these excipients must have cer- release controlling agent (cellulose acetate phthalate) 

tain physical properties, including flowability, sufficient and 1.0-7.5 percent of an erosion-promoting agent 

particle size distribution, binding ability, acceptable (corn starch) by weight per tablet. A wet granular mass 

bulk and tap densities, and acceptable dissolution prop- is formed, dried, reduced in particle size and com- 

erties in order to release the medicament upon oral 35 pressed into tablets. 

administration. More recently, a great deal of attention in the phar- 
U.S. Pat. No. 3,639,169 (Broeg et al.) discloses one maceutical field has turned to the use of various hydro- 
such direct compression vehicle for a therapeutically colloid materials such as hydroxypropylmethyl cellu- 
active medicament which consists of an insoluble or lose in providing a slow release matrix for a variety of 
soluble diluent such as lactose dispersed in a matrix of a 40 medicaments. 

hydrophilic hydratable high polymer such as hydro- For example, U.S. Pat. No. 4,389.393 (Schor et al.) 

philic polysaccharides, hydrocolloids or proteinaceous describes a slow release carrier base material of one or 

materials. The polymer, dilueni and water are mixed more hydroxypropylmethyl celluloses and up to 30% 

and the resulting dispersion is dried, forming a Him. The by weight of a mixture of methylcellulose, sodium car- 
cooled film is fragmented, ground to the desired parti- 45 boxy methylcellulose and/or cellulose ether which can 

cle size and then blended with a desired medicament, be mixed with a medicament and other needed ingredU 

In another method disclosed in U.S. Pat. No. ents such as binders, lubricants, etc. and then tableted. 

3,079,303 (Raff et al), a granular excipient for making At least one of the hydroxypropylmethyl celluloses 

tablets is prepared by spray drying a slurry of must have a methoxy content of 16% -24% by weight, 
50%-98% filler, l%-50% disintegrant, and I%-50% 50 a hydroxypropyl content of 4%-32% by weight, and a 

binder A medicament is then added to the excipient and number average molecular weight of at least 50,000. 

the finished product is lableted. The carrier base constitutes less than about one third of 

It has become desirable to provide pharmaceutical the weight of the solid unit dosage form, 
formulations which utilize slow release profiles, an ob- It is acknowledged in Schor et al that in order to 
jective not contemplated in Broeg et al, Raff et al, or 55 make tablets using this carrier base, other ingredients 
other similar prior art. The advantages of slow release which are conventional in tablet making must necessar- 
products are well known in the pharmaceutical field ily be included, such as binders, fillers, disintegrating 
and include the ability to maintain a desired blood level agents and the like. Only the completed mixture, which 
over a longer period of time while increasing patient includes these additional ingredients, possess sufficient 
compliance by reducing the number of administrations 60 properties to produce tablets having the necessary hard- 
necessary to achieve the same. ness and low level of friability. Thus, the carrier base of 

Slow release excipients have been developed which the Schor et al disclosure is not directed to the tableting 

attain their goals by a wide variety of methods. For aspects. 

instance, U.S. Pat. No. 3,629,393 (Nakamoto) utilizes a US. Pat. No. 4,704,285 (Alderman) discloses solid 
three-component system to provide slow release tablets 65 slow release tablets containing 5%-9G% hydroxypro- 

in which granules of an active ingredient with a hydro- pyl cellulose ether, 5%-75% of an optional additional 

phobic salt of a fatty acid and a polymer are combined hydrophilic colloid such as hydroxypropylmethyl eel- 

with granules of a hydrocolloid and a carrier and gran- lulose, an effective amount of an active medicament, 
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and optional binders, lubricants, glidants, fillers, etc. It is another object of the present invention to pro- 

The hydroxy propyl cellulose ether is in the form of a vide an excipient which can be prepared by wet granu- 

finely sized powder and provides a longer release pat- lation to form controlled release tablets, 

tent than identical compositions having coarser parti- It « a further object of the present invention to pro- 

cles. However, Alderman acknowledges the necessity 5 vide an excipient having the properties set forth above 

of the additional excipients in order to form an accept- which can be used with both relatively soluble and 

able solid tablet, (i.e. fillers, binders, lubricants and gli» relatively insoluble therapeutically active medicaments, 

dants). In preferred embodiments, ttiese excipients com- fu * her ? b &} of J hc P fCSent » 

prise from 63.5%-94% of the tablet. v,de a free-flowmg directly compressible slow release 

The carrier bases which provide the slow release ! * exeunt which is relatively ^^^^ 

profilesinthesedisclosurescanonly Decompressed into ture due to the ! * ck of coatings and expensive equip- 

a tablet or a solid dosage form with the aid of other mcm " 

conventional tableting adjuvants such as binders and SUMMARY OF THE INVENTION 

the like, and therefore contribute only to the slow re- accordancc with the above-mentioned objectives, 

lease aspect of the final solid unit dosage form and not ^ ( invemk>n idcs a sIow rcJcase pharma . 

to the tableting aspects. In other words, m each of these rising from aboul 20 to about 70 

disclosures it is necessary for to first determine the ^ Qr m0fc by wcigM of a hvdroph n ic mat erial 

physical properties of the active medicament to be tab- comprising a heteropolysaccharide and a poiysaccha- 

leled and thereafter proceed through a series of trial and 20 Hde materi al capable of cross-linking the heteropoly- 

error experiments in order to determine the optimal saccharide in the presence of aqueous solutions, and 

amount of gums/polymers and other adjuvants to pro- from about 39 10 aboul 80 percent by weight of an inert 

duce the right formulation which is free flowing and pharmaceutical filler. This excipient can be mixed with 

which can be compressed to a slow release solid dosage a wide range 0 f therapeutically active medicaments and 

unit. This procedure is time intensive and costly. 25 then directly compressed into solid dosage forms such 

Similarly, slow release excipients disclosed to date as tablets. The tablets thus formed slowly release the 

which incorporate virtually any synthetic polymer such medicament when ingested and exposed to gastric fiu- 

as hydroxypropylmethylcellulose, methyl cellulose, ids. By varying the amount of excipient relative to the 

polyvinylpyrollidone, and any natural gum such as medicament, a slow release profile can be attained, 

acacia tragacanth, alginates, chitosan, xanthan, pectin 30 The heteropolysaccharide comprises from about 20 

and others to date have been mainly directed to the to about 80 percent and the polysaccharide material 

slow release aspect and do not satisfactorily address the comprises from about 80 to about 20 percent by weight 

tableting aspect. This is because these materials are not of the hydrophilic matrix. Preferably, the ratio of heter- 

available in the necessary physical form that is essential opoiysaccharide to polysaccharide material is about 1:1. 

for forming a solid unit dosage form. 35 In preferred embodiments, the heteropolysaccharide 

The failure of slow release excipients such of the comprises xanthan gum or a derivative thereof, 

above to be regarded as to their tableting properties is In another preferred embodiment, the polysaccharide 

due, for instance, to their necessarilv very fine particle material comprises one or more galactomannans. Most 

size, which property does not lend itself well to flow- preferably, the polysaccharide material comprises lo^ 

ability. Also, hydroxy propylmethyl cellulose polymers *® cust ^ an S um * 

and the like are not particularly good binding agents, a In yet another preferred embodiment, the men phar- 

problem which is amplified when other poorly binding rnaceutical filler comprises lactose, dextrose, sucrose, 

excipients or medicaments are included in a formula- ""to* ^\ f ™ ct0 * e °\ mixtures thereof, 

lion. Thus, at higher percentages of such polymers in The present invention also prov,des a slow release 

the final mixture, it becomes difficult if not impossible to 45 gelation for use as a directly compressible pharrmv 

provide a good flowing tablet formulation for direct e * cl P Jcn V 

wfactonly, m US. Pat. No, 4 590,062 (Jang). Jang dts- ^ M ^ ^ftj 

closes a dry direct compressed slow release tablet con- ^ m invention also rovides a sIow rctcasc 
taming from 0.01 to 95 parts by weight of an active ^ fef Qra , administration comprising (I) a hydrc- 
ingredient combined with a matrix blend of 1-96 parts hmic materiaI cornpr jsmg (a) a heteropolysaccharide; 
of a hydrophobic carbohydrate polymer and 4-99 parts J$ Qr {b) a heteropolysaccharide and a cross-linking agent 
of a wax, and a fatty acid material or neutral lipid. The bte of cross .i ink i ng ^id heteropolysaccharide; or 

tablets can be made by dry blending the active mgredi- {c) a mbcturc of (t ) ( (t>) aild a polysaccharide gum; and 
ent with the matrix blend and compressing. However, an mtn pharmaceutical filler comprising up to 

while this combination of ingredients can provide a about go percent by weight of the tablet; and (III) an 
directly compressible tablet, the fornicator is still re- 60 eftective amount of a therapeutically active ingredient, 
quired to perform a great deal of experimentation to j n addition, the present invention provides a method 
provide the correct release profile for the chosen medi- for providing a universal tableting excipient for con- 
cament, given the wide range of wax (used for its bind* trolled release of therapeutically active medicaments 
ing and compacting properties) which can be included, having varied solubilities in water, comprising deter- 
It is therefore an object of the present invention to 65 mining the solubility of a therapeutically active medica- 
provide a free-flowing directly compressible slow re- ment which is to be tableted; mixing an effective 
lease excipient which can be used for a wide variety of amount of said therapeutically active medicament with 
therapeutically active medicaments, a prcmanufactured granulated slow release excipient 
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comprising from about 20 to about 70 percent by weight In other words, the present invention provides a 
of a hydrophilic material comprising a heteropoly- novel slow release excipient product which contains a 
saccharide and a polysaccharide capable of cross-link* combination of ingredients in preselected proportions to . 
ing said heteropoly saccharide in the presence of aque- each other which provides a desired slow release profile 
ous solutions, and up to 80 percent by weight of an inert 5 for a wide variety of drugs. Thus, once the excipient 
pharmaceutical filler; providing a final mixed product product is admixed with an active medicament (and 
having a ratio of said therapeutically active medicament optional lubricant) in a ratio to the hydrophilic matrix in 
to said hydrophilic material of about 1:3-7 depending accordance with the present invention, the resulting 
upon the relative solubility of the medicament, amount mixture may be directly compressed into solid dosage 
of medicament needed (dose), the desired total weight 10 forms. 

of the tablet, the compression force used, etc.; and Xanthan gum, the preferred heteropolysaccharide, is 
thereafter directly compressing the resulting blend to produced by microorganisms, for instance, by fermenta- 
form a tablet. Generally, the more soluble the medica- tion with the organism xanthomonas compestris* Most 
mem, the greater the amount of hydrophilic material preferred is xanthan gum which is a high molecular 
needed to produce a slow release of the medicament, 15 weight OK* 6 ) heteropolysaccharide. Xanthan gum 

contains D-elucose, D»mannose, D-glucuronate in the 
BRIEF DESCRIPTION OF THE DRAWINGS mo1ar ^ 0 O f 1*2.0:2.0, and is partially acetyJated 
The following drawings are illustrative of ernbodi- with about 4J% acetyl Xanthan gum also includes 
ments of the invention and are not meant to limit the about 3% pyruvate, which is attached to a single unit 
scope of the invention as encompassed by the claims. 20 D-glucopyromosyl side chain as a ketal It dissolves in 
FIG. 1 is a graphical representation of the dissolution hot or cold water and the viscosity of aqueous solutions 
curves provided by Examples 3-6; of xanthan gum is only slightly affected by changes in 

FIG. 2 is a graphical representation of the dissolution the pH of a solution between 1 and U. 
curves provided by Examples 16-19; Other preferred heteropoly saccharides include deriv- 

FIG. 3 is a graphical representation of the dissolution 25 atives of xanthan gum, such as deacylated xanthan gum, 
curves provided by Examples 18,20 and 28; the carboxymethyl ether, and the propylene glycol 

FIG. 4 is a graphical representation of the dissolution ester, 
curve provided by Example 18 as compared to Compaq The polysaccharide materials used in the present 
ative Example C; invention which are capable of cross-linking with the 

FIG. 5 is a graphical representation of the dissolution 30 heteropolysaccharide include the galactomannans, i.e., 
curve provided by Examples 29-31 <in different pH's); polysaccharides which are composed solely of mannose 
m $ and galactose, A possible mechanism for the interaction 

FIG. 6 is a graphical representation of the viscosities between the galactomannan and the heteropolysaccha- 
of Examples 32-36, ride involves the interaction between the helical regions 

FIG. 7 is a graphical representation of the dissolution 35 of the heteropolysaccharide and the unsubstituted man* 
curves provided by Examples 41-43; nose regions of the galactomannan. Galactomannans 

FIG. 8 is a graphical representation of the dissolution which have higher proportions of unsubstituted man- 
curves provided by Examples 44-46; nose regions have been found to achieve more interac- 
FIG. 9 is a graphical representation of the dissolution tion with the heteropolysaccharide. Hence, locust bean 
curves provided by Examples 47-50; 40 gum, which has a higher ratio of mannose to galactose, 
FIG. 10 is a graphical representation of the dissolu- is especially preferred as compared to other galacto- 
tion curves provided by Examples 51-53; mannans such as guar and hydroxypropyl guar. 

FIG. II is a graphical representation of the dissolu- ' Other polysaccharide gums may also be added to the 
tion curves provided by Example 54 and Calan ® SR; hydrophilic material in addition to the above-mentioned 
FIG. 12 is a graphical representation of the dissolu- 45 ingredients. These additional ingredients comprise 
tion curves provided by Example 55 and Inderal (g) LA; other polysaccharide gums which may or may not 
FIG. 13 is a graphical representation of the dissolu- cross-link with the heteropolysaccharides such as the 
tion curves provided by Example 56 and Chlor- alginates, iragacanth, acacia, karaya, agar, pectins, car- 
trimeton ®; rageenan, hydroxypropylmethyl cellulose, hydroxyprr> 

FIG. 14 is a graphical representation of the dissolu- 50 pyl cellulose, carboxymethy! cellulose, polyvinyl pyr~ 
tion curves provided by Example 57 and Acutrim®; rohdone, mixtures thereof* and the like, 
ano* Two steps which are generally required for gelation 

FIG, 15 is a graphical representation of the bioavaiia- are the fast hydration of the macromolecules which 
bility of Example 57 as compared to Acutrim®. comprise the hydrophilic material and thereafter the 

__ cr , t?TrrrjriKI 55 association of the molecules to form gels. Thus, two 

DETAILED DESCRIr I ION important properties of a hydrophilic gel matrix which 

The excipients of the present invention have been are needed for application in a slow release system are 
preoptimized by providing an cxcipient product which the fast hydration of the system and a matrix having a 
may be mixed with a wide range of medicaments and high gel strength, These two important properties 
directly compressed into solid dosage forms, without 60 which are necessary to achieve a slow release hydro* 
the aid of the usual pharmaceutical dry or wet binders, philic matrix are maximized in the present invention by 
fillers, disintegrants, gltdants etc. which must be added the particular combination of materials. In particular, 
in prior art compositions to obtain an acceptable solid heteropolysaccharides such as xanthan gum have excel- 
dosage form. Thus, the excipients of the present inven- lent water wicking properties which provide fast hydra- 
tion substantially overcome the need for conducting 65 tion. On the other hand, the combination of xanthan 
further experimentation needed to optimize release gum with polysaccharides materials and the like which 
characteristics and tableting properties for a particular are capable of cross-linking the rigid helical ordered 
therapeutically active medicament. structure of the xanthan gum (i.e. with unsubstituted 
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mannose regions in galaciomannans) thereby act syner- tract. Moreover, the chemistry of the ingredients com- 

gistically to provide a higher than expected viscosity prising the excipients of the present invention is be- 

(Ic.y high ge! strength) of the matrix. lieved to be similar to certain known muco adhesive 

Certain other polysaccharide gums, including alginic substances such as polycarbophiL Muco adhesive prop- 
acid derivatives, hydrocolloids, etc. also are believed to 5 erties are desirable for buccal delivery systems. Thus, it 
act synergistically with xanthan gum to produce matri- may be possible that the gel system could potentially 
ces having high gel strength. The combination of xan- loosely interact with the mucin in the gastrointestinal 
than gum with locust bean gum with or without the tract and thereby provide another mode by which a 
other polysaccharide gums is especially preferred. constant rate of delivery of the medicament is achieved, 
However, the combination of any polysaccharide gums 10 The above hypothesis is included for discussion pur- 
known to produce a synergistic effect when exposed to poses only and is not intended to limit the scope of the 
aqueous solutions may be used in accordance with the present invention- 
present invention. By synergistic effect it is meant that These two phenomcnons, i.e., buoyancy of the gel 
the combination of two or more polysaccharide gums matrix and the mucoadhesive properties discussed 
produce a higher viscosity and/or faster hydration than 15 above, are possible mechanisms by which the gel matrix 
that which would be expected by cither of the gums of the present invention could interact with the mucin 
alone. One example of a combination of polysaccharide and fluids of the gastrointestinal tract and provide a 
gums which has been reported to exhibit such syner- constant rate of delivery of the medicament. Other 
gism in food products is kappa carrageenan and a galac- mechanisms arc possible and therefore this hypothesis is 
tomannan such as guar gum and/dr locust bean gum. 20 not meant to limit the scope of the present invention. 
Additionally, the combination of propylene glycol algi- Any generally accepted soluble or insoluble inert 
nate and sodium carboxymethylcelluiose has also been pharmaceutical filler (diluent) material can be, used, 
reported to exhibit a synergistic effect as a stabilizer in including sucrose, dextrose, lactose, microcrystallme 
fruit juices in U.S. Pat. No. 4,433,000, This list is not cellulose, xylitol, fructose, sorbitol, mixtures thereof 
meant to be exclusive, and many other synergistic com- 25 and the like. However, it is preferred that a soluble 
binations will be readily apparent to those skilled in the pharmaceutical filler such as lactose, dextrose, sucrose, 
art, or mixtures thereof be used. 

Mixtures of xanthan gum and locust bean gum in a An effective amount of any generally accepted phar- 

ratio from about 20:1 to about 1:10 are disclosed in U.S, maceutical lubricant, including the calcium or magne- 

Pat. No. 3,726,690 (Schuppner) as being useful to mini- 30 sium soaps may be added to the above-mentioned ingre- 

mize serum separation in amounts of 0.2% -0.6% by dients of the excipient at the time the medicament is 

weight of acidified food products. In addition, mixtures added, or in any event prior to compression into a solid 

of xanthan gum/locust bean gum are commercially dosage form. Most preferred is magnesium stcarate in 

available as Lygomme H96 from Satia and are recon> an amount of about 0.5%-3% by weight of the solid 

mended for uses such as syrup thickening, suspension of 35 dosage form. 

active components and emulsion stabilization. The combination of the hydrophilic material (i.e., a 
In the present invention it has been discovered that mixture of xanthan gum and locust bean gum) with the 
the slow release properties of the tablets are optimized inert diluent provides a ready to use product in which a 
when the ratio of xanthan gum to polysaccharide mate- formulator need only blend the desired active medtca- 
rial {i.e., locust bean gum, etc.) is about 1:1, although 40 mcnt and an optional lubricant with the excipient and 
xanthan gum in an amount of from about 20 to about 80 then compress the mixture to form slow release tablets, 
percent or more by weight of the hydrophilic material The excipient may comprise a physical admix of the 
provides an acceptable slow release product. gums along with a soluble excipient such as compress- 
Upon oral ingestion and contact with gastric fluid, ible sucrose, lactose or dextrose, although it is preferred 
the slow release tablets prepared according to the pres- 45 to granulate or agglomerate the gums with plain (i.e. 
ent invention swell and gel to form a hydrophilic gel crystalline) sucrose, lactose, dextrose, etc. to form an 
matrix from which the drug is released, The swelling of excipient. The granulate form has certain advantages 
the matrix causes a reduction in the bulk density of the including the fact that it can be optimized for flow and 
tablet and provides the buoyancy necessary to allow the compressibility; it can be tableted, formulated in a cap- 
gel mass to float on the stomach contents to provide a 50 sule, extruded and spheronized with an active medica- 
slow delivery of the medicament. The matrix, the size of mem to form pellets, etc, 

which is dependent upon the size of the original tablet, The pharmaceutical excipients prepared in accor- 
can swell considerably and become obstructed near the dance with the present invention are preferably sub- 
opening to the pylorus. Since the medicament is dis- jected to wet granulation before the medicament is 
pcrsed throughout the tablet (and consequently 55 added, although the ingredients of the present excipient 
throughout the gel matrix), a constant amount of drug can be held together by any agglomeration technique to 
can be released per unit time in vivo by dispersion or yield an acceptable excipient product. In this technique, 
erosion of the outer portions of the matrix. This phc- the desired amounts of the heteropolysaccharide, the 
nomenon is commonly referred to as a zero order re- polysaccharide material, and the inert filler are mixed 
lease profile or zero order kinetics. The process contin- 60 together and thereafter a moistening agent such as wa- 
ues, with the matrix remaining buoyant in the stomach, ter, propylene glycol, glycerol, alcohol or the like is 
until substantially all of the medicament is released. The added to prepare a moistened mass. Next, the moistened 
chemistry of certain of the ingredients comprising the mass ts dryed. The dried mass is then milled with con- 
excipients of the present invention such as xanthan gum ventional equipment into granules. Thereafter, the ex- 
is such that the excipients are considered to be self-bufT- 6? cipient product is ready to use, 
ering agents which arc substantially insensitive to the The excipient is free-flowing and directly compress- 
solubility of the medicament and likewise insensitive to ible. Accordingly, the excipient may be mixed in the 
the pH changes along the length of the gastrointestinal desired proportion with a therapeutically active medi- 
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cament and optional lubricant (dry granulation). Alter- that the medicament exhibits a solubility which is de- 
natively* a!i or part of the excipient may be subjected to fined in the USP XXI, page 7 as requiring from about 
a wet granulation with the active ingredient and there- 1-10 parts solvent per 1 part solute {described therein as 
after tableted. The complete mixture, in an amount "freely soluble). Examples of medicaments which are 
sufficient to make a uniform batch of tablets, is then 5 considered relatively soluble for the purposes of the 
subjected to tabteting in a conventional production present invention include chlorpheniramine maleate, 
scale tabteting machine at normal compression pres- which has a solubility of 1 g in 4 ml of water or 10 ml of 
sures,.i.e, about 2000-16000 Ibs/sq. in. However, the alcohol, and verapamil HO. Examples of other medica- 
mixture should not be compressed to such a degree that ments which have solubilities falling within these ap- 
there is subsequent difficulty in its hydration when ex- 10 proximate parameters may be determined from any 
posed to gastric fluid. number of sources such as the Solubility Reference 

One of the limitations of direct compression as a Table found in the USP XXI, pages 1484-9. 
method of tablet manufacture is the size of the tablet. If The excipient product of the present invention is also 
the amount of active is high a pharmaceutical formula- contemplated for use in conjunction with insoluble 
tor may choose to wet granulate the active with other 15 medicaments. By "insoluble" it is meant that the medi- 
excipients to attain a decent size tablet with the right cament exhibits a solubility which is defined in the USP 
compact strength. Usually the amount of filler/binder XXI, page 7 as requiring from about 30-1000 parts 
or excipients needed in wet granulation is Jess than that solvent per 1 part solute (described) therein as "spar- 
in direct compression since the process of wet granula- higly soluble" and "slightly soluble"). In such circunv 
tton contributes to some extent toward the desired phys- 20 stances, the exciptent product will be acting to control 
teal properties of a tableting mix. the release of the medicament rather than necessarily 

The average tablet size for round tablets is preferably slowing its release. An example of such an insoluble 
about 500 mg to 750 mg and for capsule-shaped tablets medicament is theophylline, 

about 750 mg to 1000 mg. As previously mentioned, the excipient product of 

The average particle size of the granulated excipient 25 ihe pre sent invention can be used in conjunction with a 
of the present invention ranges from about 50 microns wide range 0 f medicaments. Since precise dosing is not 
to about 400 microns and preferably from about 185 very critical in medicaments having a wide therapeutic 
microns to about 265 microns. The particle size of the window, the present invention is especially well-suited 
granulation is not narrowly critical, the important pa- for thc <&me. The therapeutic window is commonly 
rameter being that the average particle size of the gran- 30 defined as the difference between the minimum effec- 
ules, must permit the formation of a directly compress- tive b | OCK j concentration and the maximum effective 
ible exciptent which forms pharmaceutical! y acceptable Wood concentration and the toxic concentration of the 
tablets. The desired tap and bulk densities of the granu- medicament. 

lation of the present invention are normally between Variables which may affect the release rate and com* 
from about 0.3 to about 0,8 g/ml, with an average den- 35 pr essibiHty of tablets prepared with the excipient of the 
sity of from about 0.5 to about 0,7 g/ml. For best results, present invention are; 
the tablets formed from the granulations of the present a ^ rj rU g t0 polymer ratio; 

invention are from about 6 to about 8 kg hardness. The b) Method of incorporation of excipient (Method of 

average flow of the granulations prepared in accor- granulation)- 

dance with the present invention are from about 25 to 40 c) Amoun * t of gum b3end; and 

about 40 g/sec. d) Composition of gum mix. 

The ratio of medicament to the hydrophihe material Examples of such medicaments which can be used in 
is based in part upon the relatively solubility of the accor dance with the present invention include analge- 
medicament and the desjred rate of release. For n> sics antihistajrimes , decongestants, laxatives, antacids, 
stance, the ratio of medicament to hydrophihe material 45 vilaminS| a nti-infectives, anti-inflammatories, antibiot- 
can bead-justed to yield a product wherein 50 percent of { vasocomtHc tors, vasodilators, psychotropics, stinv 
the medicament will dissolve in distilled water within u)am$ mcludi tite suppre ssants, diuretics, ami- 

about 3,5-5 hours if a 6-g hour dosing preparation is ^ WicSf dl *J£ antispasmodics, antidiarrheals, 
desired. Tins is accomp ished by proving a ratio of , QrantSi muco]ytics , cough suppressants, hypnot- 

medicament to hydrophihe material of about 1:3-7 for a 50 ic f sychotropicSr ^ atives and ot £ er s, 
wide range of medicaments of varying solubilities. r r 

However t it would be obvious to one skilled in the art DETAILED DESCRIPTION OF THE 

that by varying this proportion and/or the total weight PREFERRED EMBODIMENT 

of the tablet etc, one can achieve different slow release f 
profiles, and may extend the dissolution of some medi- 55 « : &u„, * rt n( JT,j trt 

caments to about 24 hours. If the medicament is rela- he .f mention. They are not to be construed to 
tively insoluble, the ratio of medicament to hydrophilic tot £he c,aims In ^ ffianner whatsoever, 
material tends to be smaller, while if the medicament is EXAMPLE 1 

relatively soluble, the ratio tends to be toward the p , fc . . 

greater end. By "relatively insoluble", it is meant that 60 ^reparation ot fcxcipient 

the medicament exhibits a solubility which is defined in A slow release excipient according to the present 
the United Slates Pharmacopeia (USP) XXI, page 7 as invention is prepared as follows. First, 600 g of sucrose 
requiring about 10-30 parts solvent for 1 part solute and 300 g of a mixture of xanthan gum and locust bean 
(described therein as "soluble"). An example of a medi- gum in approximately a 1:1 ratio, all in powder form 
cament which is considered relatively insoluble for the 65 having an average particle size of less than about 50 
purposes of the present invention is propranol hydro- microns, are blended for two minutes in a granulator 
chloride, which has a solubility of about 1 gram in 20ml (ie. t a high speed mixer having a combination chopper- 
of water or alcohol. By "relatively soluble", it is meant /impeller). About 125 ml of water is added to the mix- 
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ture until there is a sharp rise in the power consumed 
(abou? 2-3 minutes). The mixed product, which is now 
in the form of granules, is removed from the granulator 
and dried in a convection air-oven for 24 hours at a 
temperature of about 40* C.-60* C. The dried granula- 
tion is then passed through a 20 mesh screen. The prod- 
uct is now ready to be used as a slow release excipient 
which is suitable for direct compression with any active 
medicament to form a slow release tablet, 

EXAMPLE 2 
Dry Granulation 

Slow release tablets according to the present inven- 
tion are prepared as follows. The excipient of Example 
1 is first blended with chlorpheniramine rnaleate for 10 
minutes in a V -blender. Magnesium stearate is then 
added as a lubricant and the mixture is blended for an 
additional 5 minutes. The final composition of the mix- 
ture is about 87.5% of the excipient of Example 1, 12% 
chlorpheniramine rnaleate, and 0.5% magnesium stea- 
rate by weight. 

The mixture is then compressed on a Stokes RB-2 
rotary tablet press with sixteen stations, the target 
weight of the tablets being 100 mg and the crushing 
strength about 6-8 kgs. 

EXAMPLE 3-35 

Chlorpheniramine 

Slow release chlorpheniramine rnaleate tablets are 30 
prepared according to the procedures set forth in Ex- 
amples 1 and 2, except that the excipient formulation is 
varied such that the amount of hydrophilic material (for 
purposes of the present examples referred to as *'gumO 
relative to the total amount of excipient is varied from 35 
20%-50%, In each of Examples 3- IS, the gums are 
xanthan gum/locust bean gum in approximately a 1:1 
ratio. In Examples 3-8, the inert diluent is dextrose. In 
Examples 9-11, the inert diluent is sucrose. The inert 
diluent in Examples 12 and 13 is lactose* while in Exam* 40 
pies 14 and 15 the inert diluent is a 50/50 mixture of 
lactose and dextrose. In each of Examples 3-15, the 
lota! weight of the tablets is 100 mg. The amount of 
chlorpheniramine rnaleate in each of these Examples is 
1 2 mg except for Example 8, in which only 8 mg of the 45 
drug were incorporated. 
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In addition, comparative examples A and B arc pre- 
pared. Example A is provided with an excipient com- 
prising 30% hydroxypropylmethy! cellulose (grade 
KI5M, available from Dow Chemical) and 709J- dex- 
trose. Example B as provided with an excipient com- 
prising 30% hydroxypropylmethyl cellulose {grade 
K4M, available from Dow Chemical) and 70% dex- 
trose. Comparative Examples A and B include 12 mg 
chlorpheniramine rnaleate in 300 mg tablets. 

The granules are tested for tap and bulk density. In 
addition, the average particle size of the granulations is 
determined. The results arc set forth in Table 1. There- 
after, the tablets produced in Examples 3-15 and com- 
parative examples A and B are tested for dissolution in 
distilled water in an automated USP dissolution appara- 
tus. The data is represented as the percentage of chlor- 
pheniramine rnaleate released versus time. The results 
are provided in Table 2. 

As can be seen from the dissolution data provided in 
Table 2, Examples 4-6, 11, 13 and 15 provide dissolu- 
tion profiles whereby 50% of the drug dissolves in from 
about 3.5-5.5 hours. Examples 3, 8, 9, 10 and 14, on the 
other hand, produced dissolution profiles in which 50% 
of the drug dissolved within 3 hours. The difference in 
dissolution rates is related to the ratio of drug to the 
gums (in addition to other criteria, such as the total 
amount of gums in the tablet, etc.). In particular, disso- 
lution of 50%. of the drug in 3.5-5.5 hours is accom- 
plished with drug/gums ratios of 1:2,2-3.8, while the 
shorter dissolution times are accomplished with a 
drug/gums ratios of 1 : 1.5-2.2. The slight overlap is due 
to the choice of inert diluents. Comparative Examples 
A and B (which included only a hydrocolloid as the 
gum and which did not include the heteropolysaccha- 
ride and cross-linking agent of the present invention) 
only provide a Tjoof 1-1,5 hours when utilizing compa- 
rable amounts of gum. 

FIG. I is a graphical representation of the dissolution 
curves of Examples 3-6. As can be seen from the graph, 
the dissolution curves of Examples 4-6 in which the 
hydrophilic material (i.e., the gums) comprise from 
30%-50% of the tablet, are similar, while Example 3 
(20% gum) shows a much faster dissolution rate. The 
dissolution curves obtained when other diluents are 
used and the percentage of gums in the tablet changed 
also reflected this result. 

TABLE 1 

Chiorph cntr am iTie MaPcalc Tabfeis (100 m&j 

Average 
Particle 
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% Gunu in 


Ratio of 


size 




Dr 3 


Example 


Diluent 


Drug 


Excipient 


Drug/Gums 


(microns) 


3 


Dextrose 


12 mg 


20% 


1:3.5 


239 




0.72 


4 


Dextrose 


12 mg 


30% 


1:2.2 


217 


0.64 


0,76 


5 


Dextrose 


12 mg 


40% 


1:3 


1B7 


0-64 


0.7& 


6 


Dextrose 


12 mg 


50% 


t:3.6 


202 


0.57 


0.70 


7 


Dextrose 


12 mg 


11% 


1:2.4 


206 


0.6O 


0,72 


S 


Dextrose 


& mg 


33% 


Itf.S 


206 


0,60 


0.72 


9 


Sucrose 


12 mg 


20% 


1:1.5 


265 


0.59 


0.70 


to 


Sucrose 


12 mg 


30% 


1:2.2 


252 


0.58 


0.7 i 


U 


Sucrose 


12 mg 


40% 


1:3 


209 


0,59 


0,75 


n 


L«ctcse 


12 mg 


30% 


1:2.2 


178 


0.65 


Ml 


n 


Lactose 


12 mg 


40% 


J:3 


m 


0,62 


0.76 


14 


L/D 5 


12 mg 


30% 


l;2.2 


221 


0.57 


069 


15 


L/D 1 


U mg 


40% 


1:3 


221 


0.59 


0.70 


A 


Dextrose 


12 mg 


30% 


1:2,2 


226 


0.43 


0.56 


B 


Dextrose 


12 mg 


30% 


!:2,2 


233 


0.46 


0.58 



'denote* * mature of l*ae*c and dewo* 
^denotes bulk density 
J denotet updeiwtiy 



13 

TABLE 2 



5,128,143 



14 

TABLE 4 



Chlorpheniramine MaJeaie Tablets <I00 ro&l 
Dissolution Dm (Distilled Water) 



Example 


2 hr 


4 Jit 


8 hr 


Tjo 4 


T90* 


3 




&5.69 


100 


1-1.5, 


3.5-4 


4 


34.37 


51.69 


82.61 


3.5-4 


9-9.5 


5 


27.05 


43.05 


72.74 


4.5-5 


10.5-11 


6 


26.6B 


40.85 


69.16 


5-5,5 


10.5- n 


7 


35.31 


52.S4 


75,43 


3-4 


.10-11 


8 


39.29 


61.64 


92.21 


2-3 


7-8 


9 


55.87 


76,61 


9696 


1-5-2 


6-6.5 


10 


40.15 


59,32 


B4.59 


2.5-3 


8.5-9 


11 


26.18 


42,52 


68.10 


4-4.5 


11*11.5 


12 


41.0ft 


54,56 


79.03 


3-3.5 


9-9.5 


13 


30.6ft 


45.74 


73.26 


4,5-5 


KM0.5 


14 


43.77 


68.11 


100 


2-2.5 


6-6.5 


15 


27.17 


42.10 


70.34 


5.5 


10,5-11 


A 


59.55 


S2<44 


95.44 


M.S 


5,5*6 


B 


69.44 


■95.22 


100 


1-1.5 


2,5-3 



Propranolol Hydrochloride Tabid* 
Dissolution Data gEHsfiUgd Water).. 
Example 2 4hr 8 hr T50 Tgp 



16 

n 

It 
19 



I US 19.55 

13.40 22.05 

14.10 22.29 

18.40 27,67 



37.55 . 
47.40 
43.12 
45.8S 



10 15-15-5 

8,50 16 

9-9.5 15-15.5 

9 15 
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5 detKM« the ihk- needed for 90^ of the medicameni to be releued, 
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EXAMPLES 16-19 
Propranol 

Slow release propranolol hydrochloride tablets are 25 
prepared according to the procedures set forth in Ex- 
amples 1 and 2, except that the excipient formulation is 
varied such that the amount of hydrophilic material 
(referred to as "gums") relative to the total amount of 
excipient is varied between 40% and 50% and the total 
weight of the tablets varied from 200-350 mg. In each 
of Examples 16-19, the gums are xanthan gum/locust 
bean gum in approximately a 1:1 ratio and the amount of 
propranol hydrochloride is 20 mg. In Example 16, the 35 
inert diluent is lactose, In Example 17, the inert diluent 
is a 50/50 mixture of lactose and dextrose. Finally, in 
Examples IB and 19, the inert diluent is dextrose and 
sucrose, respectively. 

The granulations which are produced are tested for 40 
tap and bulk density, In addition, the average particle 
size of the granulations are determined. The results are 
set forth in Table 3. Thereafter, the tablets produced are 
tested for dissolution in distilled water in a USP dissolu- 
tion apparatus which is automated. The data is repre- 45 
sented as the percentage of propranol hydrochloride 
released versus time. The results are provided in Table 
4. 

As can be seen by the dissolution data provided in 
Table 4, each of Examples 16-19 provided a dissolution 50 
profile in which 50% of the drug is released in 8.5 to 10 
hours. Once again, the dissolution rales are related to 
the ratio of drug to gums, with slight variances due to 
the choice of inert diluent. The importance of the total 
weight of the tablet in affecting the drug/gums ratio is 
also shown. 

TABLE 3 

Propranolol Hydrochloride Tafrfcts 

Avenge 
Total Panicle Ratio of 
# Gums in Weight «*e Drug/ 
Example Diluent Excipient of Tablet (microns) Gums 



FIG, 2 is a graphical representation of the dissolution 
curve obtained with Examples 16-19. 

EXAMPLES 20-28 

Hydrophilic Material 

Slow release propranolol tablets are prepared accord- 
ing to the procedures set forth in Examples 1 and 2 
which illustrate various aspects of the present invention, 
including the addition of additional polysaccharide 
gums to the xanthan/locust bean gum mixture, and 
variances in the ratio of xanthan gum to locust bean 
gum. In Examples 20~22 t the relative percentages of 
xanthan gum to locust bean gum are about 0/100, 25/75 
and 75/25, respectively. In Examples 23 and 24, 50% of 
the hydrophilic matrix is propylene glycol alginate 
(PGA) and 50% is xanthan gum/locust bean gum in a 1 
1 ratio. Examples 25 and 26 are similar to Example 23, 
except that the propylene glycol alginate is replaced 
with hydroxypropylmethyl cellulose 15M and 100M, 
respectively (both grades commercially available from 
Dow Chemical). Example 27 is also similar to Example 
23, except that the propylene glycol alginate is replaced 
with sodium alginate. In Example 28, the excipient 
includes only xanthan gum. In each of Examples 20-28, 
the inert diluent is dextrose. To the excipient mixture, 
20 mg propranolol hydrochloride is added. The tablets 
produced in each of Examples 20-27 weigh 350 mg. 

In Comparative Example C, the excipient ts 30% 
hydroxypropylmethyl cellulose and 70% dextrose by 
weight. The tablets of Comparative Example C also 
weighs 350 mg and includes 20 mg of propranolol hy- 
drochloride. Table 5 sets forth the gums used in Exam- 
ples 20-28 and Comparative Example C. 

The dissolution of the tablets of Examples 20-28 and 
Comparative Example C is then tested in distilled water 
in ait automated USP dissolution apparatus. The results 
are provided in Table 6, 

TABLE 5 
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% Gums in Hydrophilic Material 
Locust 
Bean 

Example Xanthan Gum PGA HPMC 



Na ■ 
Alginate 



16 Laciosc 40% 350 mg 185 U6.6 

17 L/D 40ft 350 mg 221 h6.6 

18 Dettrosc 509* 225 mg 202 1:5 
.19 Sucrose . 40% 200 mg 209 1:3.6 
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75 
25 
2$ 
25 
25 
25 
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50% 



50% 
50% 



too* 



50% 
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TABLE 6 provide a similar profile, From the graphical represen- 

i . ^ 'j tation, it may be concluded that the dissolution of the 
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30tt 


1:5 


32.B 
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4,5-5 




21 






22.54 


30.71 


45.96 


8.5-9 


16-16.5 


22 


40tf 


1:6.5 


12.9 


22.75 


50.05 


g 


12.5-13 


23 


30% 


1:5 


23.15 


39,05 


75,70 


5-5.5 


9.5-10 


24 


40^ 


1:6,5 


20.12 


32J9 


64.17 


6-6.5 


11-11,5 


25 




1:5 


37,54 


50.04 


65-00 


4 


15.5-16 


26 


30<7r 


1:5 


32.71 


41.79 


54,8* 


6-6,5 


\% 


27 


3Q9* 


1:5 


25.12 


44.38 


too 


4-4.5 


6.5-7 


2« 


30% 


1:5 


17.3& 


31.00 


59.88 


6-4.5 


n-n.5 


C 


30tf 


1:5 


52.25 


74.85 


94.85 


1.5-2 
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Dissofc^of f^MH^jocUox^ medicament (in this case propranolol) does not vary 

greatly in ionic solutions, even when the pH varies 
5 greatly, due to the relative tnsensitivity to pH of the 
excipients of the present invention, 

EXAMPLES 32-36 

Gum/total Excipient 

10 Slow release excipients are -'prepared according to 
procedures set forth in Example S. The excipients of 
Examples 32-36 each include dextrose and xanthan 
gum/locust bean gum in a 1:1 ratio. The percentage of 
i 5 gums as compared to the total weight of the excipient in 
Examples 32-36 are 30%, 40%, 50%, 60% and 70%, 
FIG. 3 is a graphical representation of the dissolution respectively. The viscosities of the excipients are then 
curves provided by Example 18 (xanthan gum/locust determined at four different RPM's using a #2 spindle 
bean gum in a 1:1 ratio), Example 20 (100% locust bean on a Brookfield viscometer. The results are shown in 
gum), and Example 28 (100% xanthan gum). From the 2Q FIG, 6. As can be seen from the graph, the viscosity 
graph, it may be seen that the T50 for Example 28 was increases as the percentage of gum included in the ex- 
longer than that for Example 20, The T90 for Example cipient increases. 
28, however, was shor ler than that for Example 20, This 

result may be due to the fact that xanthan gum wets fcXAMFLfc. 37 

quicker than locust bean gum (thereby providing a ^ Preparation of Excipient 

quicker forming gel) but does not have as good gel excipient according to the present 

strength as locust bean gum. The combmation of xan- as follows. First, 630 g of dextrose 

than gum/locust bean gum provides an ;«^t which » ™» P * ^ m ^ ^ ^» , 35 f 

the dissolution curve of Example 18 as compared to „ ^ ] * here ■ *«P ns * j n th " T vT' IK 
Comparative Example C (gum is hydroxypropyimethyl 55 M minutes). The mixed product, which .s now in the 
cellutose). This graph shows the synergistic effect of the *>™ * granules, is removed from the granu ato -and 
combination of xanthan gum/locust blan gum as com- ^ed m a xonvec ion atr ? ven for 24 hows. « 
pared to a prior art hydrophilic gel matrix forming *ure ° f J° C.-60 C The dned granulatjon » 
agent. One possible explanation for this phenomenon is « ■»« P«f through a 20 meslr screen .The P**"* » 
that hydroxypropyimethyl cellulose does not wet as 40 now ready to be granulated with an active, the result of 
quickly nor form a gel matrix which is as strong as the which is suitable for compression to form a slow release 
gums used in Example 18, and therefore does not pro- t* b!et * 

vide a sufficient slow release profile. EXAMPLE 38 

EXAMPLES 29-31 45 Wet Granulation 

pH of the Environment Verapamil HC1 is a relatively soluble active ingredi- 

Propranolol hydrochloride tablets are prepared ac~ «" w * ic * has a dose of about 240 mg in a sustained 
cording to the procedures set forth in Examples 1 and 2. release tablet form. 

The tablets of Examples 29-31 have a total weight of 50 Example 38, the active ingredient (Verapamil) is 
350 mg, of which 20 mg is the drug. The excipient granulated with the slow release excipient as follows 
comprises 40% gums (xanthan gum/locust bean gum in The excipient of Example 3? 385 g is first blended with 
a 1:1 ratio) and 60% of an inert diluent (lactose). The g Verapamil HCl for two minutes m a granulator, 

drug/gums ratio is about L6.5. After premixing, about 90 ml of water is added until 

In Example 29, the dissolution of the tablets was 55 there is a sharp rise in the power consumed by the gran* 
measured in an aqueous solution having a pH of 6.8, In viator (about 2-3 minutes). The mixed product, which is 
Example 30, the dissolution of the tablets was measured now in the form of granules, is removed from the grami- 
in distilled water (pH~7), In Example 31, the dissolu- lator and dried in a convection air-oven for 24 hours at 
tion of the tablets was measured in an acidic solution a temperature of about 40* C-60* C The dncd granula- 
having a pH of 2. 60 tion is then passed through a 20 mesh screen. The final 

The tablets of Examples 29-31 are then tested to composition of the mixture is about 7.0% of the excipi- 
determine their dissolution rates in environments hav- ent of Example 37, and 23.0% Verapamil HCL 
ing varied pJTs (distilled water, pH 2, pH 6.8). The The mixture is blended with hydrogenated vegetable 
results are shown in FIG. 5 which is a graphical repre- oil for 5 minutes in a V-blender, Magnesium stearate is 
sentation of the percentage of dissolved drug over time. 65 then added and the mixture is blended for an additional 

As can be seen from FIG. 5, the dissolution times of 5 minutes The final composition of the mixture is about 
the tablets in pH 6.8 and pH 2 are fairly close, while the 75.0% of the excipient of Example 37, 22.5% Verapamil 
dissolution time in unbuffered distilled water does not HCl, 2,00% hydrogenated vegetable oil, and 0.500% 
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magnesium stearate, by weight- The mixture is then slum stearate. Further information regarding Examples 

compressed on a Stokes RB*2 rotary tablet press with 41-43 is provided in Table 7 below, 

sixteen stations. The average weight of the tablets pro- TABLE 7 
duced is about 1067 mg and the crushing strength about 
7-8 kgs. Each tablet contains about 240.08 Verapamil 
800.25 mg excipient of Example 37, 21,34 mg hydroge- 
riated vegetable oil, and 5.34 mg magnesium stearate. 

EXAMPLE 39 

Dry granulation 10 

_ f , ,» . j. * a ... The tablets are tested in an automated USP dissolu- 

The active ingredient is directly compressed with the ^ , usi d istHled water at a volume of 1 

slow release excipient of Example 37 to form sustained «J * h 5Q R RM At 30 minnt€ 

release tablets having approximately the same compos,- P absorbance of filtered portions 

tion as those of Example 38 as follows. 300 g of the tt , * Q Vrtn , im 

excipient of Example 37 is first blended with 90 g " of " . TO 2!K ^^S^^^^ 

Verapamil HC1 for 10 minutes in a V-blender. Hydroge concentration of USP Verapamil HQ m the same me- 

nated vegetable oil is then added and the mixture is ™* are ^ ov,ded m 

blended for 5 minutes. Magnesium stearate is then EXAMPLES 44-46 

added and the mixture is blended for an additional 5 . , 

minutes. The final composition of the mixture is the 20 Effect of Amount of Gum in Excipient 

same as in Example 38 and is tabieted. In Examples 44^*6, the amount of gum in the excipt- 

EXAMPLE 40 ent * s va " e( * * n on * er t0 compare the dissolution curves 

of the active ingredient (verapamil HC1) obtained. 
Mixed granulation T n each of Examples 44-46, the slow release excipient 
The active ingredient is granulated with 50% of the is prepared according to the process set forth in Exam- 
slow release excipient as follows. Half of the excipient pie 37, except that the amount of gum in the excipient is 
of Example 37 is first blended with Verapamil HC1 for varied. The slow release excipient obtained for each of 
2 minutes in a granulator. Next, about 75 mi of water is Examples 44-46 is then blended with the active ingredi- 
added until there is a sharp rise in power consumed ^ ent and tabletted according to the method set forth in 
(usually 2-3 minutes). The mixed product, which is now Example 40. 

in the form of granules, is removed from the granulator The tablets of Example 44 weigh about 861 ,5 mg and 

and dried in a convection air-oven for 24 hours at a contain about 240 mg verapamil HC1, about 600 mg 

temperature of about 40* C-60* C. The dried granula- excipient, about 17.2 mg hydrogenated vegetable oil t 

tion is then passed through a 20 mesh screen. The final 35 and about 4.3 mg magnesium stearate. The tablets of 

composition is about 62.5% of the excipient of Example Example 45 weigh about 949.70 mg and contain about 

37 and about 37.5% Verapamil HCL The mixture is 240 mg verapamil HC!, about 686 mg excipient, about 

then blended with other half of excipient of Example 37 19 mg hydrogenated vegetable oil, and about 4.70 mg 

for 10 minutes in V-biender. Hydrogenated vegetable magnesium stearate. The tablets of Example 46 weigh 
oil is then added and blended 5 minutes, magnesium ^ about 1066.60 mg and contain about 240 mg verapamil 

stearate is then added and blended for an additional 5 HC1, about 800 mg excipient, about 21.3 mg hydroge- 

minutes. The final composition of the mixture is the nated vegetable oil, and about 5,3 mg magnesium stea- 

sarne as in Example 38 and Example 39 and is tabieted. ra te. Further information regarding Examples 44-46 is 

EXAMPLES 41^3 P rovided ]n Table 8 beloW * 

45 TABL E 8 

Effect of Method of Incorporation " M ''^ 

in Examples 41-43, the active ingredient (Verapamil 
HO) is granulated with the slow release excipient ac- 
cording to the methods set forth in Examples 37-39 in 
order to compare the dissolution curves obtained. 50 

In Example 4 L the excipient is prepared according to 

the process set forth in Example 37 and is then blended m ^ %hm te$te<J fof dissolution in the ^ 

with the active ingredient and tabieted according to the manncf ^ jn E les Xhe results are pr0v ided 

process set forth in Example 38. In Example 42* the - n g 
excipient is prepared according to the process set forth 55 

in Example 37 and is then blended with the active ingre- EXAMPLES 47-50 

dient and tabieted, according to the process set forth in LBGXG Ratio 
Example 39. In Example 43, the excipient is prepared 

according to the process set forth in Example 37 and is In Examples 47-50, the ration of locust bean gum 
then blended with the active ingredient and tabieted 60 (LBG) to xanthan gum (XG) is varied and the dissolu- 

according to the process set forth in Example 40. tion curves compared. 

In each of Examples 41-43 t the tablets weigh about In each of Examples 47-50, the slow release excipient 
1067 mg. The drug:gum ratio in each of Examples 41-43 is prepared according to the process set forth in Exam- 
is I I; and the locust bean gum (LBG) to xanthan gum pie 37, except that the LBG;XG ratio is varied. The 
(XG) ratio is 1;L 65 slow release excipient obtained for each of Examples 

Each tablet of Examples 4M3 contain about 240 mg 47-50 is then blended with the active ingredient 

verapamil HC1, about 800 mg excipient. about 2L3 mg (verapamil HC1) and tabletted according to the process 

hydrogenated vegetable oil, and about 5.3 mg magne- set forth in Example 40. 
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Each of the tablets of Examples 47-50 contain about 
240 mg Verapamil HCI, about 738 mg excipient, about 
20 mg hydrogenated vegetable oil, and about 5 mg 
magnesium stearate. Further information regarding 
Examples 47*50 is provided in Table 9 below, 5 

TABLE 9 
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The tablets are then tested for dissolution in the same 
manner as in Examples 41-43, The results are provided 15 
in FIG. 9. 
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EXAMPLES 51-53 
Drug:Gum Ratio 

In Examples 51-53, the drug to gum ratio is varied 
and the dissolution curves compared. 

In each of Examples 5 1-53, the slow release excipiem 
is prepared according to Example 37 and is then 
blended with the active ingredient {Verapamil HCi) and 
tableted. 

In Example 51, the tablets contain about 240 mg 
Verapamil, about 240 mg excipient, about 9,84 mg hy- 
drogenated vegetable oil, and about 2,6 mg magnesium 
stearate. In Example 52, the tablets contain about 240 
mg Verapamil, about 480 mg excipient, about 14,8 mg 
hydrogenated vegetable oil, and about 3.7 mg magne- 
sium stearate. In Example 53, the tablets contain about 
120 mg Verapamil, about 720 mg excipient, about 17.2 
mg hydrogenated vegetable oil, and about 4,3 mg mag* * 
nesium stearate. Further information regarding Exam- ^ 
pies 51-53 is set forth in Table 10 below, 

TABLE 10 
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The tablets are then tested for dissolution in the same 45 
manner as in Examples 4M3. The results are provided 
in FIG. 10. 

EXAMPLES 54-57 
Tailoring to a Known Dissolution Curve 50 

By varying the amount of gum, the LBG;XG ratio, 
the method of incorporation, or the drug:gum ratio, it is 
possible to closely match the dissolution profile of a 
different slow release formulation of the same drug. 
This is demonstrated in the following example. 55 

First, a slow release excipient is prepared according 
to the process set forth in Example 37. 

In Example 54, the excipient is then blended with the 
active ingredient (verapamil HCI) and tableted accord- 
ing to the process set forth in Example 38, Each tablet 60 
contains about 260 mg Verapamil, about 780 mg excipi- 
em, about 21.3 mg hydrogenated vegetable oil, and 
about 5,3 mg magnesium stearate. The tablets are then 
tested for dissolution in the same manner as in Examples 
41-43. As a comparative example, a Calan ® SR caplet 65 
(containing 240 mg Verapamil hydrochloride), avail- 
able from G. D. Searle & Co., is similarly tested for 
dissolution. Further information regarding Example 54 



is provided in Table U below, and the dissolution 
curves for Example 54 and Calan ® SR are provided in 
FIG. 11. 

TABLE 1 1 
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In Example 55, the excipient is blended with propran- 
olol and tableted according to the process set forth in 
Example 38. Each tablet weighs about &20.5 mg, and 
contains 160 mg propranolol HCI, 16.4 mg hydroge- 
nated vegetable oil, 4.10 mg magnesium stearate, and 
640 mg excipient (containing 50% gums (XG:LBG in a 
1:1 ration)* The tablets are then tested for dissolution in 
the same manner as Examples 41-43 and the dissolution 
curve compared to a similarly tested tablet of Inderal ® 
LA (a slow release formulation containing 160 mg pro- 
pranolol HCI; available from Wyeth-Ayerst The re- 
sults are proved in FIG, 12. 

In Example 56, the excipient is blended with chlor- 
pheniramine maleate and tableted according to the pro- 
cess set forth in Example 38, Each tablet weighs about 
100 mg, and contains about 12 mg chlorpheniramine 
maleate, about 0,5 mg excipient, and about 87,5 mg 
excipient (containing 50% gums (XGrLBG in a 1:1 
ratio). The tablets are then tested for dissolution in the 
same manner as Examples 41-43, and the dissolution 
curves compared to a similarly tested tablet of Chlor- 
trimeton® (a slow release formulation containing 12 
mg chlorpheniramine maleate), available from Scher- 
ing. The results are provided in FIG. 13. 

In Example 57, the excipient is blended with phenyl* 
propanolamine according to the process and tableted 
set forth in Example 38. Each tablet weighs about 845 
mg, and contains about 75 mg phenylpropanolamine, 
16,9 hydrogenated vegetable oil, 4,2 mg magnesium 
stearate, and 748.9 mg excipient (containing 50% gums 
(XG:LBG in- a 1:1 ration). The tablets are then tested 
for dissolution in the same manner as Examples 41-43, 
and the dissolution curve compared to a similarly tested 
tablet of Acutrim ® (a slow release tablet containing 75 
mg phenylpropanolamine), available from Ciba Con- 
sumer Products. The results are provided in FIG. 14. 
FIG. 15 is a graphical representation of the bioavailabil- 
ity of Example 57 as compared to Acutrim® The 
results are obtained in a two-way crossover study on six 
healthy male subjects (12 blood samples withdrawn and 
assayed for phenylpropanolamine in blood plasma). 

As can be seen from the results obtained in Examples 
54-57, the slow release excipient of the present inven- 
tion is extremely versatile and readily provides formula- 
tions which can substantially match the dissolution 
curves of other slow release formulations. 

The preceding theories are offered solely by way of 
explanation and tt is not intended that the invention be 
limited to this theory, 

The examples provided above are not meant to be 
exclusive. Many other variations of the present inven- 
tion would be obvious to those skilled in the art, and are 
contemplated to be within the scope of the appended 
claims. 
We claim: 

1. A controlled release pharmaceutical excipient for 
use in oral solid dosage forms, comprising 



5,128, 

21 

from aboui 20 to about 60 percent by weight of a 
hydrophtlic material comprising xanthan gum and 
a galactomannan gum capable of cross-linking said 
xanthan gum in the presence of aqueous solutions, 
the ratio of said xanthan gum to said galactoman- 5 
nan gum being from about 3:1 to about 1:3, and 

from about 40 to about 80 percent by weight of an 
. inert diluent selected from the group consisting of 
a monosaccharide, a disaccharide, a polyhydric J0 
alcohol, and mixtures thereof, the ratio of said inert 
diluent to said hydrophilic material being from 
about 4:1 to about 0,67:1. 

2. A cont rolled-release tablet for absorption of an 
active medicament in the gastrointestinal tract, compris* 15 
mg 

a controlled-released excipient comprising a hydro- 
philic gum matrix comprising a xanthan gum and a 
galactomannan gum capable of cross-linking said 
xanthan gum when exposed to gastric fluid, the 20 
ratio of said xanthan gum to said galactomannan 
gum being from about 3: Ho doubt 1:3, and an inert 
diluent, the ratio of said inert diluent to said hydro- 
philic gum matrix being from about 4:1 to about 
0,67:1, and an effective amount of a medicament to 55 
render a therapeutic effect, the ratio of said medica- 
ment to said hydrophtlic gum matrix being from 
aboui 1:3 to about 1:10. 

3. The excipient of claim !, wherein said galactoman- ^ 
nan comprises locust bean gum, 

4. The excipient of claim 1, wherein said inert phar- 
maceutical filler comprises lactose, dextrose, sucrose, 
fructose, microcrystalline cellulose, xylitol, sorbitol or 
mixtures thereof 35 

5. The excipient of claim 1 to which an effective 
amount of a therapeutically active medicament is 
added, 

6. The excipient of claim 1, wherein an effective 
amount of a therapeutically active medicament is added 40 
via dry granulation, yet granulation or a combination of 
dry and wet granulation and the resultant granulation is 
compressed to form solid tablets. 

7. The excipient of claim 3, wherein said hydrophilic 
material further comprises one or more of tragacanth, 45 
acacia, karaya, alginates, agar, pectin, guar, hydroxy- 
propyl guar, carrageenan, hydroxy propylmethy I cellu- 
lose, hydroxypropy! cellulose, methylcellulose, car- 
boxymethyl cellulose, polyvinyl pyrollidone, and mix* 
lures of any of the foregoing. 

S. The excipient of claim 3, wherein said hydrophilic 
material further comprises propylene glycol alginate, 

9, The excipient of claim 3, wherein said hydrophilic 
material further comprises a hydrocolloid, said hydro- 55 
colloid comprising up to about 50% by weight of said 
hydrophtlic material. 

10, The excipient of claim 1, wherein an effective 
amount of a therapeutically active medicament is added 
and the resulting mixture is encapsulated, 60 

11, The excipient of to claim 1, wherein an effective 
amount of a therapeutically active ingredient is added 
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and the resulting mixture provides a zero order con- 
trolled release when provided as a solid dosage form. 

12. The excipient of claim 3, wherein said ratio of 
xanthan gum to locust bean gum is about 1:1. 

13. A slow release pharmaceutical excipient, for use 
in solid oral dosage forms comprising 

a hydrophilic gum matrix comprising xanthan gum 
and locust bean gum in a ratio of about 3:1 to about 
1:3; and 

an inert diluent, the ratio of said inert diluent to said 
hydrophilic gum matrix being from about 2.3:1 to 
about 1:1. 

14. The tablet of claim 2, wherein said galactomannan 
gum is locust bean gum, 

15. The tablet of ctaim 2, wherein satd medicament is 
added to said excipient via dry granulation, wet granu- 
lation or a combination of dry and wet granulation. 

16. A controlled release tablet for oral administration 
comprising 

(I) from about 20 to about 60 percent by weight of a 
hydrophilic material comprising from about 10 to 
doubt 90 percent of a heteropolysaccharide and 
from about 90 to about 10 percent of a cross-linking 
agent capable of cross-linking said heteropoly- 
saccharide; and 

(II) up to about 80 percent of an inert pharmaceutical 
filler selected from the group consisting of a mono- 
saccharide, a disaccharide, a polyhydric alcohol, 
and mixtures thereof, the ratio of said inert pharma- 
ceutical filler to said hydrophilic material being 
from about 4:1 to about 0,67:1; and 

(HI) an effective amount of a therapeutically active 
medicament to render a therapeutic effect. 

17. The tablet of claim 16, wherein said heteropoly- 
saccharide comprises xanthan gum and said cross-link- 
ing agent comprises a galactomannan, 

18. The tablet of claim 17 t wherein at least 3,5 hours 
ar required for 50 percent of said therapeutically active 
medicament to be released when said tablet is exposed 
to gastric fluid, 

19. The tablet of claim 17, wherein said tablet pro- 
vides a zero order controlled release of said therapeuti- 
cally active medicament when said tablet is exposed to 
gastric fluid. 

20. The tablet of claim 17, wherein said galactoman* 
nan comprises locust bean gum, and the ratio of xanthan 
gum to locust bean gum is about 1:1, 

21. The tablet of claim 17, wherein said inert pharma- 
ceutical filler comprises lactose, dextrose, sucrose, fruc- 
tose, xylitol, sorbitol or mixtures thereof. 

22. The tablet of claim 17, wherein said hydrophtlic 
material further comprises a polysaccharide gum se- 
lected from the group consisting of tragacanth, acacia, 
karaya, alginates, agar, pectin, carrageenan, hydroxy- 
propylmethyl cellulose, hydroxypropyl cellulose, meth- 
ylcellulose, carboxymethyl cellulose, polyvinyl pyrolli- 
done, and mixtures of any of the foregoing. 

23. The tablet of claim 22, wherein said hydrophillic 
material further comprises propylene glycol alginate. 

24. The tablet of claim 22, wherein said hydrophilic 

material further comprises a hydrocolloid. 

***** 
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